Wolff-Parkinson-White (WPW) syndrome causes paroxysmal supraventricular tachycardia (PSVT) and catheter ablation is the most effective therapy method. We summarized a rare case of WPW syndrome. The patient suffered from WPW syndrome complicated with an atrial septal defect (ASD), persistent left superior vena cava, and absence of inferior vena cava. A hybrid operation was arranged to solve his problem. During the procedure, we did endocardial and epicardial mapping and ablation, respectively. Conduction of the accessory pathway could be temporarily obstructed, but recovered soon later. Considering it was a rare and interesting case worth recording and discussing, we share it with the public.
Wolff-Parkinson-White (WPW) syndrome causes paroxysmal supraventricular tachycardia (PSVT), and catheter ablation is the most effective method to cure it. WPW syndrome can be accompanied by other congenital cardiovascular malformations, which may affect the process and outcome of catheter ablation for the accessory pathway. We here present a very rare case of a patient with WPW syndrome complicated with an atrial septal defect (ASD), persistent left superior vena cava, and absence of inferior vena cava who underwent a hybrid procedure. Endocardial and epicardial mapping and ablation were conducted repeatedly with only a temporary blockage of conduction of the accessory pathway while ASD was repaired successfully.
Case Description
A 17-year-old high school student presented to our hospital with a 2-year history of paroxysmal palpitations during physical exertion which ameliorated with deep inspiration. He reported no fever, chest pain, dyspnea or syncope, no other medical history, and no family history of cardiovascular diseases.
On physical examination, the patient was afebrile. His blood pressure was 108/66 mmHg, heart rate 60 beats per min, and respiratory rate 14 breaths per min. General status was normal. The lungs were clear, and his heart rate was regular. A grade three systolic murmur could be heard at the left sternal border between the 2nd and 3rd intercostal spaces. Abdominal and neurologic examination were unremarkable.
Results of laboratory testing including routine hematology, renal function, liver function, coagulation function, thyroid function, electrolyte, myocardial markers, and NT-proBNP were within normal limits. Electrocardiography showed a sinoatrial node migration rhythm with a junctional escape heartbeat and ventricular preexcitation ( Fig. 1 ). Echocardiography revealed a type-II atrial septal defect with a left-to-right blood shunt, persistent left superior vena cava and absence of inferior vena cava, and the liver vein connected directly with the coronary sinus. Contrast-enhanced cardiovascular computed tomography (CT) documented an absence of right superior vena cava and inferior vena cava, left superior vena cava and liver vein directly converged into coronary vein, dilated azygous vein collected blood flow returned from lower body and abdominal viscera, and joined left superior vena cava (Fig. 2) .
The patient was diagnosed with congenital heart disease, atrial septal defect (ASD), venous malformation, and Wolff-Parkinson-White (WPW) syndrome. Considering that WPW syndrome might cause PSVT, which may underlie his symptomatology, we planned to accomplish an electrophysiology (EPS) test, radiofrequency ablation, and ASD repair in one hybrid operation.
After cardiac thoracotomy, the right atrium and ventricle were exposed. Two mapping electrode catheters, which were fixed at the right atrium and ventricle respectively, were used to record epicardial potentials. A 9-F sheath flushed with heparin saline was inserted into the right atrium through the right atrial appendage. A SmartTouch (ST) ablation catheter was used to establish the 3-D model, map, and ablation ( Fig. 3 ).
EPS revealed that the accessory pathway had both antegrade and retrograde conduction functions. Antegrade and retrograde effective refractory periods (ERP) of the accessory pathway were 260 ms and 280 ms, respectively. Orthodromic atrioventricular reentrant tachycardia (AVRT) could be induced by fixed-frequency ventricular stimulation of 320 ms. The earliest retrograde atrial activation during AVRT and the earliest antegrade ventricular activation during sinus rhythm were mapped at eleven o'clock position of tricuspid annulus (right anterior free wall). Endocardial and epicardial ablation (35-40 W, cold saline infusion) was conducted with obstruction of accessory pathway conduction. We did an ablation at ventricular and atrial sides around the target point, endocardial and epicardial, respectively. During the process, we tried hard to avoid damaging the right coronary artery and its small branches. However, pathway conduction always recovered 30 to 60s after ablation ( Fig. 4) . It took three hours to do mapping and ablation. Considering that risk of infection would increase if we extended the operation time, we finally discontinued mapping and ablation. Total ablation time was 300 s. Then, ASD was repaired successfully. Three days later, the patient recovered well and was discharged from the hospital. At 6-month follow-up, he had suffered three episodes of tachycardia, two of which resolved spontaneously and one with verapamil. His learning and everyday life was not affected.
Discussion
WPW syndrome can underlie AVRT. According to a previous study, the prevalence of WPW syndrome ranges from 0.36 to 1.74%, and 2.6% of WPW patients are diagnosed with congenital heart diseases, including Ebstein's anomaly (0.7%), ASD (0.4%), ventricular septal defect (0.3%), the others (1.2%). Catheter ablation is the most effective method to cure WPW syndrome and has decreased its prevalence worldwide [[1] .
The case summarized above was a very rare one. Before operation, two approaches were considered: traditional trans-venous approach or hybrid approach. His cardiovascular malformation would have rendered traditional trans-venous approach difficult to complete because of the difficulty in catheter manipulation using either the jugular vein/subclavian vein-left superior vena cavacoronary sinus-right atrium approach or femoral veinazygous vein-left superior vena cava-coronary sinusright atrium approach. The patient had ASD which also needed surgical repair, so we chose a hybrid approach. During the procedure, we tried endocardial and epicardial mapping and ablation. Right anterior free wall of tricuspid annulus was the best target found. Nevertheless, accessory pathway conduction could not be obstructed successfully possibly because of (1) difficulty in manipulating the catheter through the 9-F sheath inserted into right appendage, which might result in poor attachment when performing endocardial ablation, (2) epicardial ablation under direct vision was inadequate because we had to avoid damaging the right coronary artery and its branches, and (3) an oblique course of the accessory pathway from the left anterior wall to the right side was possible. Upon rereading the ECG, although it showed rS type in V1 lead, positive delta waves and high R waves could be seen in V2-6 leads.
We did not map the left side for several reasons. The surface ECG pattern manifested rS type in lead V1, which indicated the accessory pathway more likely was located at the right side. Both endocardial and epicardial mapping showed that the accessory pathway was positioned at the right anterior free wall (eleven o'clock of tricuspid annulus), not around the septum, and ablation was temporarily valid. Moreover, it had already taken too long to map at the right side, and we were worried about increasing infection risk.
Hybrid operation is a technique that combines surgery and intervention. For some special cases, like WPW syndrome complicated with cardiovascular malformation, a traditional trans-venous approach may be inaccessible, and hybrid ablation could be an alternative choice. However, there are scarce data and evidence, mainly as case reports, on the hybrid approach for radiofrequency ablation. For instance, Khairy et al. reported a case of WPW syndrome complicated with a univentricular heart. Using a sternotomy approach, they successfully ablated a right accessory pathway [[2] . More practical data and study evidence are warranted to inform ablation approach choice. Fig. 3 Process of hybrid radiofrequency ablation. a Two mapping electrode catheters, fixed at the right atrium and ventricle respectively, were used to record epicardial potentials. A 9-F sheath flushed with heparin saline was inserted into the right atrium through the right atrial appendage. b Through surgical incision, a SmartTouch (ST) ablation catheter was used to map and ablate the epicardia. c Through the 9-F sheath, an ST ablation catheter was used to map and ablate the endocardia. 
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